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Battery Science Basics

• All batteries share the same basic 
configuration - anode, cathode, and 
electrolyte


• During discharge, positively charged lithium 
ions from the anode are emitted and pass 
through the electrolyte to the cathode


•  Simultaneously, electrons are released 
from the anode - this creates the electric 
current which then powers the EV


How a battery works



Battery Chemistries
Battery Science Basics

• Lithium-ion batteries differ based on their 
chemistries


• Anode - generally composed of carbon 
(graphite) powder


• Electrolyte - lithium salts and organic 
solvents


• Porous plastic separator


• Cathode - lithium metal oxide powder 
(cobalt, titanium, nickel, manganese, 
aluminum)



BATTERY STRUCTURE

• Lithium-ion EV batteries are formed of cells, which are then arranged into modules, which 
themselves are arranged into packs


• There are a variety of different arrangements that are possible


• There is a limited similarity with lithium-ion batteries used in other consumer products


• Arrangements tend to be referred to as cylindrical, prismatic, and pouch


Battery Science Basics



technologies to provide whole-life-cycle tracking of battery materials, 
including information and transparency on provenance, ethical sup-
ply chains, battery health and previous use40. China has signalled its 
intention to track battery materials.

Automated disassembly of electrical goods has also been imple-
mented to some extent in other sectors. For example, Apple has imple-
mented an automated disassembly line for the iPhone 641 that can handle 
1.2 million phones per year. This line has 22 stations linked on a conveyor 
system and can take the iPhone apart in 11 seconds. However, this system 
can only deal with an iPhone 6 model. Intact phones, of this exact model, 
must be positioned at the start of the disassembly line, which then uses 
pre-programmed motions of 29 robots in 21 different cells to dismantle 
the phone into 8 discrete parts. The LIB is removed by heating the glue 
which holds the battery in place. Owing to the potential fire hazard, 

this must take place inside a thermal event protection system, while 
monitoring the battery using a thermal imaging system.

Unfortunately, 1.2 million phones per year is a drop in the ocean 
and the Apple disassembly line has been created using conventional 
industrial automation methods, making it inflexible and incapable of 
keeping up adaptively with new models and varieties of phones. But 
building a flexible and adaptable robot disassembly line need not be pro-
hibitively expensive. The challenge is to create control algorithms and 
software that can make cheap hardware (robot arms cost only several 
thousands to several tens of thousands of dollars and costs have been 
steadily decreasing, can work all the time, and have very long service 
lifetimes) behave flexibly and intelligently to handle hugely complex  
disassembly problems. If those artificial intelligence challenges can 
be solved, then the capital investment required to respond to new and  
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Fig. 2 | Examples of three different battery packs and modules (cylindrical, 
prismatic and pouch cells) in use in current electric cars. The three designs 
examined are from model year 2014; this is based on the availability of 
information from vehicle teardowns, and also because older vehicles are more 
likely to be closer to end-of-life than today’s new cars. The breakdowns include 
material content in a cell, layout and content of the module and pack and the 
proportion of critical elements (high economic importance, but at risk of short 
supply) and strategic materials (either high economic importance or risk of 
short supply) used. The Nissan pouch cells from Automotive Energy Supply 
Corporation (AESC) exhibit a mixed cathode chemistry with substantial 
manganese content and relatively low levels of cobalt. The Tesla cylindrical 
18650 cells from Panasonic and the BMW prismatic cells from Samsung SDI both 

contain high cobalt levels. Each cell has particular recycling challenges. 
Cylindrical cells are often bonded into a module using epoxy resin (difficult to 
remove or recycle); fuses at each end may be blown, making cell discharge 
challenging; and the cell geometry can be difficult to dismantle for direct 
recycling. Prismatic cells require ‘can opening’ (requiring special tools) to 
remove the contents. These large cells are under considerably more pressure 
than are the pouch or cylindrical cells, and can therefore be hazardous to open if 
the contents have degassed. The high manganese content of the Nissan pouch 
cells makes pyrometallurgical recycling less cost-effective, because manganese 
is cheap, but these cells are the least problematic to open and physically separate 
for direct recycling.

78 | Nature | Vol 575 | 7 November 2019

Review



Background

• There have been numerous goals set by 
various levels government in California to 
increase the number of ZEVs statewide


• Cumulative sales of ~670,000 plug-in 
hybrid and all-electric vehicles (EVs) in 
California between 2010-2019

Credit: https://www.cncda.org/wp-content/uploads/Cal-Covering-4Q-19.pdf

https://www.cncda.org/wp-content/uploads/Cal-Covering-4Q-19.pdf


California EV Market Share

Credit: https://evadoption.com/ev-market-share/ev-market-share-california/

https://evadoption.com/ev-market-share/ev-market-share-california/


• In 2018, then-Assemblymember Dahle introduced Assembly Bill 2832 (AB 2832), which required the 
Secretary of the California Environmental Protection Agency (CalEPA) to convene the Lithium-Ion 
Car Battery Recycling Advisory Group (Advisory Group)


• The Advisory Group consists of representatives from CalEPA, DTSC, CalRecycle, the California 
Energy Commission, and various relevant industry (automobile manufacturers and recyclers) and 
environmental advocacy groups

Advisory Group History and Makeup



• The goal is “to submit policy recommendations to the Legislature aimed at ensuring that as close 
to 100% as possible of lithium-ion batteries in the state are reused or recycled at end-of-life in a 
safe and cost-effective manner” by April 1, 2022


• To accomplish this, the Advisory Group meets on a quarterly basis, at minimum, and “consult[s] 
with universities and research institutions that have conducted research in the area of battery 
recycling, with manufacturers of electric and hybrid vehicles, and with the recycling industry”


• We also meet as three separate subcommittees (Recycling, Reuse, and Logistics) on a monthly 
basis to perform a “deep dive” into those areas

Advisory Group Goals



• Lithium-ion batteries (LIBs) have a useful life in EVs of 10-20 years


• Large-scale retirements of LIBs will begin to occur in the next 5-10 years (~3.5 - 30 GWh)


• Disposal of these LIBs represents a major environmental concern


• LIBs are potentially valuable during their second life - a major example is energy storage


• Mineral resourcing is unlikely to limit battery manufacturing in the medium term, but recycling is 
critical in the long term


• Currently, there is low value in recovered materials, which represents a challenge in raising the 
capital needed to ramp up recycling infrastructure

Background



Credit: https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/second-life-ev-batteries-the-newest-value-pool-in-energy-storage

Energy Storage from Second-Life EV Batteries

https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/second-life-ev-batteries-the-newest-value-pool-in-energy-storage


Materials Sourcing and Recycling

Credit: https://www.anl.gov/article/doe-launches-its-first-lithiumion-battery-recycling-rd-center-recell

Credit: Ambrose, H., Gershenson, D., Gershenson, A., & Kammen, D. (2014). Driving rural energy access: a 
secondlife application for electric-vehicle batteries. Environmental Research Letters, 9(9), 094004

https://www.anl.gov/article/doe-launches-its-first-lithiumion-battery-recycling-rd-center-recell


• Design for recycling - many different battery designs


• Safety and liability concerns - consumers, workers, fires


• Economics - who pays for what and when? Is it even economically viable to 
recycle?


• Regulations - is it a waste? Is it a hazardous waste? Do I need a permit to 
recycle?


• Nascent industry, with rapidly evolving technology, different recycling 
technologies have pros and cons

Challenges - Recycling



Recycling Processes

Credit: https://www.anl.gov/article/doe-launches-its-first-lithiumion-battery-recycling-rd-center-recell

https://www.anl.gov/article/doe-launches-its-first-lithiumion-battery-recycling-rd-center-recell


Recycling Processes - Costs



Recovery Costs - Is It Worth It?



• Safety concerns


• Battery health


• Testing standards


• Prevention of “hobbyist” repurposing


• Battery tracking

Challenges - Repurposing



• There aren’t any technical challenges to battery manufacturing


• Environmental impact


• Need for use of virgin materials


• Supply chain concerns


• Changing technology/chemistries

Challenges - Manufacturing



Supply Risks

Credit: Global Battery Alliance 



Manufacturing Location



• Environmental Protection 


• Logistics, Infrastructure, Safety


• Battery Reuse


• Cost-Effective Recycling


• Supply Chain Considerations

Concepts



• Webpage - Prior Meeting Materials, Minutes, and Recordings:


•  https://calepa.ca.gov/climate/lithium-ion-car-battery-recycling-advisory-group/


• Listserv - Upcoming Meetings and Announcements:


• https://calepa.ca.gov/calepa-listservs/subscribe-to-the-lithium-ion-car-battery-recycling-
advisory-group/


• Have Further Questions or are Interested in Presenting to the Advisory Group?


• Direct Contact: mohammed.omer@dtsc.ca.gov 

Ways To Get Involved

https://calepa.ca.gov/climate/lithium-ion-car-battery-recycling-advisory-group/
https://calepa.ca.gov/calepa-listservs/subscribe-to-the-lithium-ion-car-battery-recycling-advisory-group/
https://calepa.ca.gov/calepa-listservs/subscribe-to-the-lithium-ion-car-battery-recycling-advisory-group/
mailto:mohammed.omer@dtsc.ca.gov


• University of California, Davis Lithium-ion Battery Lifecycle Assessment Group:


• Hanjiro Ambrose, PhD (Co-PI; also Union of Concerned Scientists)


• Alissa Kendall, PhD (Co-PI)


• Meg Slattery, Jessica Dunn, Peter Benoliel (PhD Students)


• Tobiah Steckel (MS Student)
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